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DESCRIPTION 

INTERNAL MAGNETIC SHIELD AND CATHODE RAY TUBE 

Technical Field 

The present invention relates to an internal magnetic shield 
provided in a cathode ray tube to reduce mislanding of an electron beam due 
to an external magnetic field such as geomagnetism, and to a cathode ray 
tube including the same. 



^ 10 Background Art 

'4J 



FIG. 11 shows a conventional cathode ray tube used in television 
receivers, computer displays, or the like. An electron beam 81 released 
03 from an electron gun 80 is deflected in vertical and horizontal directions by 

*K a deflection yoke 82 to scan the entire screen, so that images are reproduced. 

^ 15 In this case, when the cathode ray tube is affected by an external magnetic 
Q field such as geomagnetism, the path of the electron beam 81 is distorted. 



y. Therefore, the electron beam 81 does not reach the desired position on a 

y phosphor screen 84 formed on a front panel 83, resulting in mislanding. To 

Q deal with this problem, the cathode ray tube includes an internal magnetic 

" 20 shield 85 that provides a shield against geomagnetism or the like. 

As shown in FIG. 12, the internal magnetic shield generally includes 
a pair of opposing long side walls 86, a pair of opposing short side walls 87, 
and an opening 88 formed in the center, or substantially V-shaped notches 
89 formed on the short side walls 87 as shown in FIG. 13. Such V-shaped 
25 notches 89 are disclosed in JP 53 (1978)- 15061 A, JP 7 (1995)- 192643 A, JP 
5 (1993M59713 A, or the like. 

When a cathode ray tube, including the internal magnetic shield 
without notches on the short side walls 87 or with substantially V-shaped 
notches, is affected by an external magnetic field such as geomagnetism, the 
30 amount of mislanding tends to be larger in the periphery of the screen than 
in the center thereof. In particular, mislanding occurs significantly at the 
corners, i.e., edges, of the screen. Thus, the conventional internal magnetic 
shields cause non-uniform mislanding throughout the screen, so that the 
improvement of mislanding at the corners of the screen has been necessary, 
35 particularly for a cathode ray tube that requires high definition. 

It is not preferable that the amount of mislanding varies depending 
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on the direction in which the cathode ray tube is oriented. To avoid this, it 
is preferable that the amount of mislanding due to geomagnetism in the 
tube-axis direction is substantially the same as that of mislanding due to 
geomagnetism in the horizontal direction perpendicular to the tube axis. 
5 However, it is difficult to reduce the amount of mislanding throughout the 
screen while achieving the balance between two mislandings by 
geomagnetism in different directions. 

Disclosure of Invention 
10 Therefore, with the foregoing in mind, it is an object of the present 

invention to provide an internal magnetic shield that can reduce mislanding 
of a deflected electron beam by an external magnetic field such as 
I geomagnetism and prevent the displacement and unevenness of colors on 

0j the entire screen. It is another object of the present invention to provide an 

4» 15 internal magnetic shield that easily can balance the amount of mislanding 

due to geomagnetism in the tube "axis direction and in the horizontal 
p direction perpendicular to the tube axis while reducing mislanding 

^ throughout the screen. It is yet another object of the present invention to 

y provide a cathode ray tube that can display favorable images with reduced 

CJ 20 displacement and unevenness of colors on the entire screen by including the 
above internal magnetic shield. 

To achieve the above objects, a first internal magnetic shield for a 
cathode ray tube of the present invention includes a pair of opposing long 
side walls, a pair of opposing short side walls, and an opening enclosed by 
25 these side walls in the center. At least one pair of the long and short side 
walls are provided with notches having a substantially home-plate shape. 

A second internal magnetic shield for a cathode ray tube of the 
present invention includes a pair of opposing long side walls, a pair of 
opposing short side walls, and an opening enclosed by these side walls in the 
30 center. At least one pair of the long and short side walls are provided with 
notches. Each of the notches is formed by at least two pairs of opposing 
cutting edges with different orientations. 

The above first and second internal magnetic shields can reduce 
mislanding of a deflected electron beam by an external magnetic field such 
35 as geomagnetism and prevent the displacement and unevenness of colors on 
the entire screen. Moreover, they easily can balance the amount of 
mislanding due to geomagnetism in the tube-axis direction and in the 
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horizontal direction perpendicular to the tube axis while reducing 
mislanding throughout the screen. 

A cathode ray tube of the present invention includes an envelope 
having a front panel and an funnel, a phosphor screen formed on the inner 
surface of the front panel, a color selection electrode arranged to face the 
phosphor screen, an electron gun placed in the funnel, and an internal 
magnetic shield placed between the color selection electrode and the 
electron gun. The internal magnetic shield is the magnetic shield 
according to the above first or second internal magnetic shield. 

The above cathode ray tube can display favorable images with 
reduced displacement and unevenness of colors on the entire screen, 
regardless of the direction in which the cathode ray tube is oriented. 

Brief Description of Drawing s 

FIG. 1 is a schematic perspective view of an internal magnetic shield 
according to Embodiment 1 of the present invention. 

FIG. 2 is a side view of an internal magnetic shield according to 
Embodiment 1 of the present invention when viewed from the side of a short 
side wall. 

FIG. 3 shows the relationship between the depth of a parallel notch 
portion and the amount of mislanding due to geomagnetism in the tube-axis 
direction of an internal magnetic shield according to Embodiment 1 of the 
present invention. 

FIG. 4 is a side view of an internal magnetic shield according to 
Embodiment 1 of the present invention when viewed from the side of a short 
side wall, in which the width of a notch is changed. 

FIG. 5 shows the relationship between the width of a notch and the 
amount of mislanding of an internal magnetic shield according to 
Embodiment 1 of the present invention. 

FIG. 6 is a side view of an internal magnetic shield having another 
configuration of Embodiment 1 of the present invention when viewed from 
the side of a short side wall. 

FIG. 7 is a schematic perspective view of an internal magnetic shield 
according to Embodiment 2 of the present invention. 

FIG. 8 is a side view of an internal magnetic shield according to 
Embodiment 2 of the present invention when viewed from the side of a short 
side wall. 



FIG. 9 shows the relationship between an inclination angle 01 and 
the amount of mislanding of an internal magnetic shield according to 
Embodiment 2 of the present invention. 

FIG. 10 is a cross-sectional view showing the schematic 
configuration of a color cathode ray tube of the present invention. 

FIG. 11 is a schematic cross -sectional view of a conventional cathode 
ray tube. 

FIG. 12 is a schematic perspective view of a conventional internal 
magnetic shield. 

FIG. 13 is a schematic perspective view of another conventional 
internal magnetic shield. 

Best Mode for Carrying Out the Invention 

Hereinafter, the present invention will be described with reference 
to FIGS. 1 to 10. 
Embodiment 1 

FIG. 1 is a perspective view of an internal magnetic shield according 
to Embodiment 1 of the present invention. 

The internal magnetic shield of this embodiment has a pair of 
opposing long side walls 1 substantially in the form of a trapezoid and a pair 
of opposing short side walls 2 substantially in the form of a trapezoid. 
These side walls are joined to form a part of the surface of a quadrilateral 
pyramid. An opening 3 enclosed by the long and short side walls 1,2 is 
formed in the center of the shield. The internal magnetic shield is placed 
in a cathode ray tube with the small-width side (the upper side of FIG. l) 
facing an electron gun and the large-width side (the lower side of FIG. l) 
facing a phosphor screen. An electron beam passes through the opening 3. 
The short side walls are provided with notches 4, each being formed from 
the ends of the short side walls 2 on the electron gun side to the phosphor 
screen side. 

FIG. 2 is a side view of the internal magnetic shield in FIG. 1 when 
viewed from the side of the short side wall 2. The vertical direction of FIG. 
2 corresponds to the direction of the tube axis of a cathode ray tube that 
includes the internal magnetic shield. 

In FIG. 2, the notch 4 has a bilateral symmetry formed of a pair of 
opposing first cutting edges 5 and a pair of opposing second cutting edges 6. 
The first cutting edges 5 are parallel to each other. In the side view of FIG. 



2, which is a projection of the internal magnetic shield in the direction 
parallel to the long side of the rectangular phosphor screen when the shield 
is installed in the cathode ray tube, each of the first cutting edges 5 is 
parallel to the tube axis as well. The second cutting edges 6 intersect to 
form a V shape, so that a bottom 8 of the notch 4 is provided. The ends of 
the second cutting edges 6 opposite to the bottom 8 are connected to the first 
cutting edges 5. Since the first and second cutting edges 5, 6 are formed in 
different directions, each of the connections between them has a bend 9. As 
described above, the notch 4 has a substantially home-plate shape. The 
notch 4 thus formed is provided symmetrically on each of two opposing short 
side walls 2. 

Here, as shown in FIG. 2, an opening width of the notch 4 on the 
electron gun side (i.e., the distance between the ends 7 of the opening) is 
defined as L; a notch width of the parallel notch portion having a constant 
notch width (i.e., the portion of the first cutting edges 5) is defined as LI (in 
this embodiment, LI = L); a height of the internal magnetic shield (the 
length in the tube-axis direction) is defined as H; a depth of the parallel 
notch portion (the length in the tube-axis direction) is defined as Hi; and a 
depth of the notch 4 (the length in the tube-axis direction) is defined as H2. 

FIG. 3 shows the amount of mislanding at the corners of the screen 
due to geomagnetism in the tube -axis direction (hereinafter, referred to as 
"tube-axis geomagnetism"), when the internal magnetic shield for a cathode 
ray tube having a 25-inch diagonal size is used so that the notch width LI 
and the depth H2 of the notch 4 are fixed, while the depth HI of the parallel 
notch portion is changed. When HI = 0, the notch 4 has a V shape. 

As can be seen from the FIG. 3, the amount of mislanding at the 
corners of the screen due to the tube -axis magnetic field is decreased with 
increasing the depth HI of the parallel notch portion of the notch 4. The 
reason for this is as follows: the tube-axis geomagnetism is drawn to the 
ends 7 of the opening and the first cutting edges 5, so that the magnetic 
field thus drawn cancels the force to be exerted by an external magnetic 
field such as geomagnetism on the electron beam traveling through its path 
to the phosphor screen within the internal magnetic shield. However, 
when HI = H2, the shield effect against geomagnetism in the horizontal 
direction perpendicular to the tube axis (hereinafter, referred to as 
"horizontal geomagnetism") is reduced, causing an increase in the amount of 
mislanding due to the horizontal geomagnetism. 



Depending on the type of tube, the notch width LI may be changed 
as shown in FIG. 4 to achieve the balance in the amount of mislanding due 
to the tube-axis geomagnetism and the horizontal geomagnetism. FIG. 5 
shows the amount of mislanding at the corners of the screen due to the 
tube-axis geomagnetism and that due to the horizontal geomagnetism, when 
the depth HI of the parallel notch portion and the depth H2 of the notch 4 
are fixed, while the notch width LI is changed. Since the shield effect 
against the horizontal magnetic field is increased with the decrease in the 
notch width LI, the amount of mislanding due to the horizontal 
geomagnetism is reduced, while the amount of mislanding due to the 
tube-axis geomagnetism is increased. Moreover, two curves, representing 
the amount of mislanding due to the tube -axis geomagnetism and that due 
to the horizontal geomagnetism, intersect with each other. This indicates 
that the balance in the amount of mislanding due to the tube-axis 
geomagnetism and the horizontal geomagnetism can be achieved. 

The bottom 8 of the notch 4 may be formed in the following manner 
instead of simply intersecting a pair of second cutting edges 6: as shown in 
FIG. 6, the second cutting edges 6 are connected via a straight cutting edge 
8a substantially parallel to the phosphor screen or a circular arc portion 
(with a rounded corner). Also, the ends 7 of the opening and the bends 9 
may be formed to have a circular arc shape (with a rounded corner). 

Using the above internal magnetic shield can form a diamagnetic 
field that cancels the force to be exerted by an external magnetic field such 
as geomagnetism on the electron beam traveling through its path to the 
phosphor screen. As a result, the force exerted on the electron beam is 
reduced, which leads to a reduction in mislanding caused by the distortion 
of the electron beam path. Thus, the displacement and unevenness of 
colors can be prevented on the entire screen. Moreover, this embodiment 
easily can balance the amount of mislanding due to the tube-axis 
geomagnetism and the horizontal geomagnetism perpendicular to the tube 
axis while reducing mislanding throughout the screen. 
Embodiment 2 

FIG. 7 is a perspective view showing an internal magnetic shield of 
Embodiment 2 of the present invention. 

The internal magnetic shield of this embodiment has a pair of 
opposing long side walls 1 substantially in the form of a trapezoid and a pair 
of opposing short side walls 11 substantially in the form of a trapezoid. 



These side walls are joined to form a part of the surface of a quadrilateral 
pyramid. An opening 3 enclosed by the long and short side walls 1, 11 is 
formed in the center of the shield. The short side walls 11 are provided 
with notches 12, each being formed from the ends of the short side walls 11 
on the electron gun side to the phosphor screen side. 

The notches 12 on the short side walls 11 of Embodiment 2 have a 
shape different from that of the notches 4 of Embodiment 1. 

FIG. 8 is a side view of the internal magnetic shield in FIG. 7 when 
viewed from the side of the short side wall 11. The vertical direction of FIG 
8 corresponds to the direction of the tube axis of a cathode ray tube that 
includes the internal magnetic shield. 

In FIG. 8, the notch 12 has a bilateral symmetry formed of a pair of 
opposing first cutting edges 13 and a pair of opposing second cutting edges 
14. In the side view of FIG. 8, which is a projection of the internal 
magnetic shield in the direction parallel to the long side of the rectangular 
phosphor screen when the shield is installed in the cathode ray tube, each of 
the first cutting edges 13 is inclined at an angle of 61 with respect to the 
tube axis, and each of the second cutting edges 14 is inclined at an angle of 
92 with respect to the tube axis. The second cutting edges 14 intersect to 
form a V shape, so that a bottom 16 of the notch 12 is provided. The ends 
of the second cutting edges 14 opposite to the bottom 16 are connected to the 
first cutting edges 13. Since the first and second cutting edges 13, 14 are 
formed in different directions, each of the connections between them has a 
bend 17. The notch 12 thus formed is provided symmetrically on each of 
two opposing short side walls 11. 

As described above, the notch 12 is formed by two pairs of opposing 
cutting edges 13, 14 with different orientations. Therefore, like 
Embodiment 1, the tube-axis geomagnetism is drawn to the ends 15 of the 
opening and the first cutting edges 13, so that the magnetic field thus 
drawn cancels the force to be exerted by an external magnetic field such as 
geomagnetism on the electron beam traveling through its path to the 
phosphor screen within the internal magnetic shield. As a result, the 
amount of mislanding is reduced. However, when an inclination angle of 
02 is equal to that of 61, the shield effect against the horizontal 
geomagnetism is reduced, causing an increase in the amount of mislanding 
due to the horizontal geomagnetism. 

FIG. 9 shows the amount of mislanding due to the tube-axis 



geomagnetism and that due to the horizontal geomagnetism, when the 
internal magnetic shield for a cathode ray tube having a 25-inch diagonal 
size is used so that the length of each of the first cutting edges 13 in the 
tube-axis direction is fixed, while the inclination angle 61 is changed. Here, 
the angle 81 is defined to have a positive sign when a pair of first cutting 
edges 13 are inclined in such a direction that the distance between the 
bends 17 is smaller than that between the ends 15 of the opening, as shown 
in FIG. 8. As shown in FIG. 9, two curves, representing the amount of 
mislanding due to the tube -axis geomagnetism and that due to the 
horizontal geomagnetism, intersect with each other. This indicates that 
the balance in the amount of mislanding due to the tube-axis geomagnetism 
and the horizontal geomagnetism can be achieved. When the inclination 
angle 01 of the first cutting edges 13 is reduced to 0° or less, the amount of 
mislanding due to the tube -axis geomagnetism can be reduced without 
changing the amount of mislanding due to the horizontal geomagnetism 
significantly. 

Like Embodiment 1, the bottom 16 of the notch 12 may be formed in 
the following manner instead of simply intersecting a pair of second cutting 
edges 14- the second cutting edges 14 are connected via a straight cutting 
edge substantially parallel to the phosphor screen or a circular arc portion 
(with a rounded corner). Also, the ends 15 of the opening and the bends 17 
may be formed to have a circular arc shape (with a rounded corner). 
Moreover, depending on the type of tube, the opening width L2 of the notch 
12 on the electron gun side (i.e., the distance between the ends 15 of the 
opening) may be changed. 

In the above explanation, the notch is formed by two pairs of 
opposing cutting edges 13, 14 with different orientations. However, it 
should be noted that the notch may be formed by three or more pairs of 
cutting edges with different orientations to achieve the balance of 
mislanding. 

Using the above internal magnetic shield can form a diamagnetic 
field that cancels the force to be exerted by an external magnetic field such 
as geomagnetism on the electron beam traveling through its path to the 
phosphor screen. As a result, the force exerted on the electron beam is 
reduced, which leads to a reduction in mislanding caused by the distortion 
of the electron beam path. Thus, the displacement and unevenness of 
colors can be prevented on the entire screen. Moreover, this embodiment 
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easily can balance the amount of mislanding due to the tube-axis 
geomagnetism and the horizontal geomagnetism perpendicular to the tube 
axis while reducing mislanding throughout the screen. 
Embodiment 3 

FIG. 10 is a cross -sectional view of a color cathode ray tube 30 of the 
present invention taken along the tube axis in the vertical direction. 

A front panel 31 and a funnel 32 are joined to form an envelope 33. 
A substantially rectangular phosphor screen 34 is formed on the inner 
surface of the front panel 31. A color selection electrode (e.g., a shadow 
mask) 35 is stretched by a frame 36 so as to be spaced away from the 
phosphor screen 34 and opposed thereto. The frame 36 is held with the 
front panel 31 by engaging an elastic supporting body (not shown) in the 
form of a plate spring with a panel pin (not shown), the elastic supporting 
body being provided on the circumferential surface of the frame 36 and the 
panel pin being planted on the inner surface of the front panel 31. An 
electron gun 37 is contained in a neck portion of the funnel 32. An internal 
magnetic shield 40 is mounted on the frame 36 on the electron gun 37 side 
of the frame 36. A deflection yoke 39 that deflects an electron beam 38 
from the electron gun 37 for scanning is provided on the circumferential 
surface of the funnel 32. 

In the above color cathode ray tube 30 of the present invention, the 
internal magnetic shield of Embodiment 1 or 2 is used as the internal 
magnetic shield 40. 

As described above, the internal magnetic shield 40 can form a 
diamagnetic field that cancels the force to be exerted by an external 
magnetic field such as geomagnetism on the electron beam 38 traveling 
through its path to the phosphor screen 34. As a result, the force exerted 
on the electron beam 38 is reduced, which leads to a reduction in mislanding 
caused by the distortion of the electron beam path. Thus, images without 
the displacement and unevenness of colors on the entire screen can be 
displayed. Moreover, this embodiment easily can balance the amount of 
mislanding due to the tube -axis geomagnetism and the horizontal 
geomagnetism perpendicular to the tube axis while reducing mislanding 
throughout the screen. Therefore, even if the direction in which the 
cathode ray tube is oriented is changed, images with reduced displacement 
and unevenness of colors always can be displayed. 

In the internal magnetic shields of Embodiments 1 to 3, the short 
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side walls have the notches. However, the present invention is not limited 
thereto. Depending on the purpose of the use of a cathode ray tube or the 
like, the same notches as those in the above embodiments may be formed on 
the long side walls instead of the short side walls, or they may be formed on 
both long and short side walls. 

In the internal magnetic shield of Embodiments 1 to 3, the notches 
are formed by straight cutting edges. However, the present invention is not 
limited thereto. As long as the objects of the present invention can be 
achieved, the whole portion of each cutting edge or a part of it (e.g., the end 
of the cutting edge) may be curved slightly. 

There is no particular limitation on the material of an internal 
magnetic shield of the present invention, and a material with high 
permeability, e.g., iron or the like, can be used like a conventional internal 
magnetic shield. Also, the internal magnetic shield of the present 
invention can be manufactured in the same manner as that for the 
conventional one, such as by pressing. 

The invention may be embodied in other forms without departing 
from the spirit or essential characteristics thereof. The embodiments 
disclosed in this application are to be considered in all respects as 
illustrative and not limiting. The scope of the invention is indicated by the 
appended claims rather than by the foregoing description, and all changes 
which come within the meaning and range of equivalency of the claims are 
intended to be embraced therein. 
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